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Abstract: An ad-hoc network consists of a set of mobile nodes which are connected with each other by using radio
waves. These networks do not need any predetermined structure or central management system and all nodes work
as routers. These days the scalability of ad-hoc networks has interested some scholars. Scalability of most of on-
demand routing protocols has become limited because of increasing the nodes' population and movement in
network. In this paper an on-demand routing algorithm for MANET networks will be presented which aims at
creating an algorithm with a high scalability. The effect of network size (humber of nodes), nodes' movement, and
data traffic on the efficiency of the proposed algorithm and other principal algorithms which have been utilized to
create the present algorithm will be studied and their simulation results will be compared. The simulation results
show that the proposed algorithm has more efficiency than the present standard algorithms.
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1. Introduction nodes to establish the connection. Since these
MANET networks [1-3] are systems of networks have an inconsistent nature, finding and
mobile ad hoc networks which are presented maintaining the route has certain importance.
dynamically and self-organized in temporary Controlling information is exchanged between the
topologies. These networks include a set of mobile nodes to identify the current status of the network.
routers and hosts which share the same radio canal by On the whole, MANET networks' routing protocols
using wireless connections and exchange data are divided into three categories of proactive,
without using a centralized or broad management. reactive, and hybrid protocols. In proactive routing
The nodes in these networks can vary regarding the protocols [19] (routing based on table), routing tables
different features such as yield, data sending ability are created before sending packets and each node
and sources' energy. knows the route to other nodes. The problem of this
MANET networks have several usages. First protocol in ad-hoc networks is that maintaining and
these networks were devised to be used in military timing routing tables need a broad bandwidth. Also,
applications. MANET networks are mostly used in most of routing information is never used and
survey, helping and saving operations, tracing and consequently the sources are wasted. In reactive
following operations, scientific conferences. routing protocols [13, 6] (on-demand routing), the
In this paper and in order to create proposed route is created when there is a need for it. Before
on-demand routing algorithm [4-8], we have used sending the packet, route discovery is done and the
adjusted probabilistic flooding [9-10] and AODV results are stored in a cache memory. When middle
[11-12] algorithms which are based on AODV [13- nodes are moved, route repair is done on demand.
14, 5] routing algorithm. At present, AODV routing The advantage of these protocols is that only the
protocol is one of pioneering protocols for routing in routes needed are maintained. The disadvantages
ad-hoc networks. AODV routing protocol includes a include the delay before sending the first packet and
route discovery and a route repair mechanism. Route the existence of flooding for route discovery. Hybrid
discovery mechanism [15, 13, 6], is a route demand protocols [16], are a combination of proactive and
between a sender and a receiver and route repair reactive protocols.
mechanism is a new route for a disconnected active Scalability of a lot of on-demand routing
route. Disconnection is recognized by connection protocols is limited because of population increase
layer's approval or controlling messages of Hello and nodes' movement. When the number of users is
[13]. increased, ad-hoc routing protocols (like [15-19, 5,
If there is not any direct route between 6]) need scalability because of nodes' increase. In this
source and destination, multi-hop routing is used. paper the two algorithms of adjusted prob. and
Thus, because of limited distribution of nodes in the AODV-LR will be combined and a new algorithm
area, both nodes may need a chain of intermediate will be posed in which the main goal is to increase
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scalability. Scalability for wireless routing protocols
is basically depends on extra routing messages [20].
The efficiency of the proposed algorithm will be
compared through the results of simulations of
routing algorithms of AODV, AODV-LR and
Adjusted prob.

2. The Proposed Algorithm

In this part we will introduce a new routing
algorithm to improve scalability. Adjusted prob.
Algorithm optimizes route discovery by source node
and decreases the amount of PREQ in the network.
AODV-LR algorithm decreases the number of route
rediscovery by source node. For increasing
scalability, we integrate adjusted prob. Algorithm
with AODV-LR algorithm. In the resulted algorithm,
when there is no route for sending the data from
source to destination node, the source node performs
route discovery and spreads a new PREQ packet
including the information below: source address,
sequence number, Broadcast id, destination address,
destination packet number, number of leaps.
Broadcast id increases as the spread by source
increases. Broadcast id is a unique couple for PREQs'
identification.

When a node receives PREQ, if it is for
several times, it ignores and if it is the first time,
creates the route to the source in its routing table.
Information such as: destination address, next leap,
the number of leaps, destination packet number, and
valid time for this route is stored in the node. If a
route is not used during a certain time period it would
lose its validity. Then the node checks whether there
is a valid route to destination node? If the node itself
is the destination or it has a valid route to destination
and packet's number is greater or equal to destination
packet's number in PERQ, a PREP including the
following information: source address, destination
address, destination packet's number, the number of
leaps to destination life time will be spread to the
source in a single part. When the middle node
receives PREP, it creates the route to destination
node in its routing table and sends PREP to the
source. On the other hand (if the node itself is not the
destination or does not have a valid route to the
destination), if the number of neighboring nodes
receiving PREQ(X) is less than the average number of
the neighbors, the message is spread by a high
probability of (p) after adding an extra unit to the
number of leaps.

Nodes located in transfer limitation of each
other are called neighbors. The number of neighbors
is determined by using Hello messages. Each node
spreads a Hello message periodically to express its
existence. The spread probability of p in each mobile
node accords with the number of its neighbors. When
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the nodes move to another boundary, the amount of p
is changes. The average number of neighbors is
calculated by formula 1 [9-10]. In this way, at the
time of route discovery most of repeated PREQ
spreads will be avoided.

2

- ar
=(N-1)*0.8— 1
n=(N-1) y &

In the above formula, A is the network
circumference, N the number of nodes in the network
and r is the boundary for nodes' transfer.

When a connection stops, it is better to
devise a new route locally and without discovering
route from source. In this way, the sent data is stored
in a higher node in order to restore the route locally.
By using this method in large networks, the delay
will be decreased because a less time is needed to
search and achieve a new route.

Thus, when connection stops the higher
level node tries to restore the route. A PREQ in
which TTL equals the previous distance to the
destination in addition to an extra amount, its packet
number, destination packet number plus one is
created and it is sent to the neighbors. The superior
node waits to receive PREP. If it does not receive
PREP after a predetermined time, it sends a RERR
message to the source and all nodes which use this
connection to reach to their destinations update their
tables by receiving RERR. Finally, the source
receives RERR, then deletes the related routes from
its table and then starts the operation to discover a
new route.

Figure 1, shows the processing flowchart of
the received packet by a node in the proposed
algorithm and also the proposed pseudo-code routing
algorithm is as follow:

Protocol Receive Request()
On hearing a broadcast packet m at node X
Get the Broadcast ID from the message;

n Average number of neighbors (threshold value);
Get degree n of a node X (number of neighbors);
If packet_m received for the first time then

Ifn<n then
Node X has a low degree, so set high rebroadcast
probability p=p1;

Else if n = N then
Node X has a high degree, so set low rebroadcast
property p=p2;
End if
End if
Generate a random number RN over [0,1];
If RN <p rebroadcast message
Else drop it.
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Figure 1. Processing flowchart of the received packet by a node
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Protocol route link layer failed()
If the broken link is closer to the destination that
source then
Attempt a local repair
Else
Bring down the route.

3- Simulation and performance Assessment

For simulation, we used ns2 [21] version
ns2.31 which includes a set of wireless networks'
components based on 802.11 [22] and it allows the
nodes to move freely in network's environment. A lot
of routing protocols which have been observed
recently (AODV, DSR, TORA, DSDV) have been
simulated in ns2 [23,24, 14].

In this simulation, the data packets were
considered to be 512 bytes and CBR traffic has been
used. Each node uses random way point model [24]
and the speed is random between 0 to 10 m/s.

In this model, the node chooses a random
destination and moves towards it with a speed which
has been predetermined regarding its minimum and
maximum speed. When the node reaches the
destination, it stops there for predetermined pause
time, and then it randomly chooses another
destination and moves towards it. The ground size is
750m*750m and the nodes' number is changed from
25 to 200. Each simulation takes 300s. According to
previous experiments and studies, in scenarios with
high movement the difference in protocols' efficiency
is clearer. In static networks, we can examine the
power of a protocol in rapid discovery of a route and
effective delivery of the data. In these networks
because the nodes are fixed, no route is stopped and
thus the administrative burden is minimum and the
delays are not long or data packets are not lost. In this
way, we can execute and report nodes of 25 to 200,
and scenarios with fixed movement (pause time,
second), while nodes are not working (pause time of
300 seconds). Also, we can study with 75 nodes, the
movement effect on protocols' efficiency. We
executed each experiment with 10 or 20 CBR traffic
sources and with this number of sources, the
protocols' scalability will be studied with traffic load.

We used two metrics of ROP and PDF to
obtain the efficiency of routing protocols. ROP is the
sum of transferred routing packets' number during the
simulation and each leap in one route is calculated
separately. PDF is a ratio of sent data packets which
have been delivered by each routing protocol. Next
we will study the effects of nodes' number and
movement on protocols' efficiency.

3.1. The effect of nodes
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Figure 3, shows ROP protocols with static
scenarios (pause time 300 seconds) and high
movement scenarios (pause time, 0 seconds) as a
function of nodes' number and network load for
different numbers of traffic sources. In static mode,
ROP is the same for the proposed algorithm and
adjusted prob. Because the nodes are fixed and it is
better than the two other algorithms because of less
PREQ spread. In high movement scenario (more than
50 nodes), the proposed algorithm has less ROP
because of spreading less PREQ while route
discovering and locally restoring the disconnected
route.

Figure 4 shows the measured PDF. In static
scenario (pause time 300 seconds), the protocols have
better scalability compared with the increase of
nodes' number.
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Figure 3: the sum of transferred routing packets'
number while simulating
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Figure 4: A ratio of sent data packets which have
been delivered by each routing protocol

In high movement scenario, the proposed
algorithm and AODV-LR have a better PDF than the
other two algorithms because the proposed algorithm
and AODV-LR do not remove data packets and thus
packets' delivery is more in these two algorithms. As
you can see in the figure, in high movement, the PDF
with 20 traffic sources is less than the PDF with 10
traffic sources.

PDF is low because a lot of data packets fail
to reach to their destinations. When the number of
traffic sources increases, the protocols start to delete
most of data packets in the source. When a data
packet (CBR) is produced, it is labeled as a send-
buffer agent. Here the data packet waits to find its
route. When the route is discovered, the data packet
is removed from send-buffer and is sent to
connection layer and is located in IFQ. If there is a
route to destination, the packet enters IFQ directly
and avoids going into send-buffer. MAC layer takes
the packet from IFQ and sends it onto the channel. If
send-buffer is full or the packet has been preserved
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for a long time and waits for a route, the data packet
can be deleted in source node. The other reason to
delete data packet in source node, is the overcharge
of IFQ. IFQ works in FIFO mode. When it becomes
full, the entrance of a new packet, deletes the old
packets because of IFQ overcharge.

We considered send-buffer size for all
protocols to be 64 packets and sending speed to be 4
packets per second. In summary, the reasons for data
packets' deletion in source node are IFQ overcharge,
packets' time finish, or overpopulation or collisions in
which MAC layer is unable to transfer the packet.
Also, administrative packets' spread, benefits a higher
priority over data packets.

3.2. The effect of movement

In order to understand the movement effect
and the number of traffic sources on protocols'
efficiency better, the number of nodes in scenarios is
kept fixed and the results of experiments will be
presented.

Figure 5, shows ROP is a function of pause
time and network load for different numbers of traffic
sources. According to figure 5, when the pause time
increases, ROP becomes less because the connections
stop less and thus routing overcharge decreases.

Figure 6, shows that measured PDF for 75
nodes is a function of nodes' movement with different
traffic sources. You can observe that, the ratio of
packets' delivery increases by increasing pause time
because the longer pause time means less movement.
The proposed routing algorithm is able to deliver
more data packets to destination in comparison to
other algorithms. AODV and Adjusted prob. Routing
algorithms remove data packets easily when a route
stops and thus the ratio of packets' delivery in AODV
and Adjusted prob. becomes worse in comparison to
other protocols.
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4- Discussions

In this article, the scalability of on-demand
routing protocols was studied by choosing some
protocols from among the set of protocols (AODV,
AODV-LR, adjusted prob.), and a new algorithm was
suggested to enhance the efficiency in big networks.
The scalability of AODV, AODV-LR, adjusted prob.
protocols were studied considering different aspects
of the issue. We noticed that how the efficiency of
these protocols depends on the number and
movement speed of the nodes and data traffic load.
When the movement and population of nodes
increases the routing overcharge increases and it halts
data packets' delivery. You observed that local
restoring is beneficial in increasing data packets'
delivery to the destination. Also adjusted prob.
algorithm is effective in decreasing the overcharge
amount of routing while route discovering.

Thus, to increase scalability, we proposed a
new algorithm which in fact integrates the advantages
of the two algorithms of ADOV-LR and adjusted
prob. with each other and regarding the results of the
simulation presents a better routing algorithm for big
ad-hoc networks.
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